Needlestick Injuries (NSI) commonly occurs in the hospital setting. Medical students are at risk of NSI due to lack of clinical experience. The purpose of this study was to investigate the incidence and knowledge, attitudes, awareness and practices of NSI among medical students at an Australian university. We conducted a cross-sectional study using an online questionnaire on NSI-related knowledge, attitude, awareness, practice, incidents and follow up. The survey was distributed to clinical students (years 3-6) of a 6-year medical program in Australia. Data were analysed with descriptive and bivariate analyses (IBM SPSS v.22; alpha 0.05). Response rate to the study was 13.8% (153/1111). Students' median score for knowledge was 3 out of maximum 6; attitude 3/4; awareness 4/6 and practice 1/2. Twenty-five students sustained a total of 28 NSI events in the past 12 months (proportion 16.6%, 95% confidence interval 10.9%-22.4%; incidence density 1.5/100 person-month); 13/25 did not report their NSI. Students in higher year of study were associated with higher rate of NSI (p = 0.02). Clinical and medical schools must address poor NSI-related knowledge, improve attitudes to reporting and provide instructions on safe handling of sharps. Surveillance of NSI specifically for medical students will provide important information to minimise harm.
Introduction
Needlestick Injury (NSI) is a serious occupational health risks for healthcare workers [1] including medical students who still lack clinical experience [2] . Exposure to sharps that have been potentially contaminated with Blood-Borne Viruses (BBV) can lead to Hepatitis B (HBV), Hepatitis C (HCV) or Human Immunodeficiency Virus (HIV) infection [3, 4] . Although the risk of BBV infection from a single NSI is low its consequences for an infected medical student can have career-lasting impacts as it may restrict their career pathways and also impact on their long-term health [5] .
A literature review in MEDLINE, SCOPUS, EMBASE, Informit e-Library: Health Collection and ScienceDirect found only three studies on NSI among Australian medical students in the past two decades, reporting an incidence of 9.2% [6] , 13.8% [7] , and 22% [8] , although these authors acknowledged that many NSI remain unreported. None examined the knowledge, attitude, awareness and practices of medical students in relation to NSI. Our study measured the NSI incidence reported by medical students at one Australian university and the students' NSI-related knowledge, attitude, awareness, practices and reporting behaviour across clinical years and teaching hospitals. The NSI management experience of students who reported their NSI was also reported.
Methods
The study population of our cross-sectional survey was all clinical year students from a six-year undergraduate medical program (Years 3 to 6). Pre-clinical year students were excluded because they were not involved with clinical procedures that would place them at risk of a NSI. The University's hospital network included 4 main metropolitan hospitals (350+ to 800+ beds) with 13 other metropolitan hospitals, and 7 rural (base) hospitals with 150-250 RESEARCH ARTICLE beds.
Ethics approval was obtained from the University's Human Ethics Research Committee. The University administrative staff sent out a broadcast email containing the respondent information sheet and a link to an online anonymous questionnaire. Two follow-up reminder emails were sent out at two weeks apart. Respondents submitting the voluntary online questionnaire implied consent.
The questionnaire included validated questions from previous studies [9] [10] [11] [12] relevant to the aim of the survey with some modifications for relevancy to medical students (Appendix). Five clinical-year medical students studying at two different universities undertook pre-testing of all items for face validity and to test the practicability of the online format. Items that were either ambiguous or considered irrelevant were culled or modified. The final survey consisted of 52 items which were closed multiple-choice, mixed-ended and open-ended questions. The first 26 items assessed respondents' NSI-related knowledge, attitude, awareness, practice and experiences with NSI and standard precautions. Twenty-five items examined NSI incidents in the past 12 months and experiences of NSI management. Respondents who reported to have sustained NSI in the past 12 months but did not specify how many times were given a default number of one NSI. The last survey question gave respondents an opportunity to make additional comments at the end of the survey.
Data were analysed using IBM® SPSS® Statistics Version 22. Teaching hospitals were coded for confidentiality. Due to their similarities, all rural hospitals are grouped together in the analyses. Open responses to mixed-ended question was either re-coded into existing categories or assigned a new category. Answers to knowledge, attitude, awareness and practice items were scored as correct/favourable or incorrect/unfavourable based on the literature and State policies, and a summative score was created for each of the four domains: knowledge, attitude, awareness and practice. Descriptive statistics were used to summarise the data and all frequencies were rounded up at 0.5. Independent-Samples Kruskal-Wallis test was used to compare knowledge, attitude, awareness and practice scores across hospitals, years of study and NSI in the last 12 months. Chi-squared and Independent T-tests were used to examine other factors that may have contributed to sustaining NSI. Alpha for statistical significance was set at 0.05.
Results
Response rate was 13.8% (153/1111) and represented all eligible years and both metropolitan and rural settings ( Table 1 ). The four metropolitan hospitals were the main ones in the University's network. Students were rotating through various departments including surgery, medicine, emergency, outpatient and inpatient departments.
Denominators reported in these results vary because not all respondents answered all questions. The median hours per week of direct patient care was 8.0 (range 0-40 hours). Nearly one-third of respondents (31.1%; 47/151) were undertaking hospital-based research projects and reported zero patient care hours; however their data were included because they were still at risk of sustaining NSI. All respondents (152/152) have received Hepatitis B vaccination. Seventy-seven percent respondents (117/152) named HIV as their most feared bloodborne pathogen. Most respondents have administered injections (67.6%; 102/151) and assisted in removal or disposal of needles (80.9%; 123/152). Most respondents reported having access to point-of-use sharps containers and various safety-engineered sharps devices. Out of 67.1% (98/146) respondents who knew about their hospital's NSI prevention program, 84.4% (81/96) believed that the program was effective in informing staff and students about what to do. Identified areas for improvement included more inclusion of staff and students. One respondent stated that the sharps management had been "drilled into our minds"; however a few others expressed a need for more detailed training.
Respondents' NSI-related knowledge, attitude, awareness and practice were generally inadequate with a median score of 3 out of a maximum of 6 for knowledge; 3 out of 4 for attitude; 4 out of 6 for awareness; and 1 out of 2 for practice (Table 2 ). Ten percent (15/150) of respondents chose the correct post-NSI serum conversion rate for Hepatitis B and 32.0% (48/150) for HIV. When asked how they would separate a needle from a syringe if needed, over half the respondents (56.8%; 84/148) answered "gloved hands" and 7.4% (11/148) would use "bare hands but with great caution". Deficiencies were identified in attitudes to- 28 (18) 35 (23) 25 (16) 24 (16) 37 (24) 4 (3) 153 (100) dents were given the default number of one NSI, giving a total of 28 NSI and incidence density of 1.5 NSI per 100 person-month. Various locations in the hospital were implicated, and all but one respondent noted a sharps box in the vicinity. Nearly all NSI (92%; 23/25) occurred during working days and hours. Hollow-bore needles were involved in 80% cases (20/25) . Most NSI occurred before the use of item (64%; 16/25); 28% (7/25) occurred during use, and one (4%) each between steps of a multi-step procedure and while disposing the item. One case involved a patient with known Hepatitis B infection and 3 cases with Hepatitis C; overall, 20% (5/25) respondents with NSI considered the incident putting them at risk of a BBV infection.
All reported NSI (25) were on the hands with similar distribution between the left (47%) and right (53%) hands and the palmar surface being much more commonly involved (79% data collection (online survey) may have contributed to the poor response rate by time-poor medical students.
The proportion of medical students who sustained NSI in our study (16.6%; 95% CI = 10.9%-22.4%) is within the range from similar studies from Australia [6] [7] [8] and other countries [18, [21] [22] [23] [24] . However, different methods in asking about NSI incidents in thosestudies (such as asking about lifetime prevalence or unspecified number of NSI) hinder a comparison of incidence density. It is concerning that NSI incidence among medical students seems to have persisted in the past 2 decades despite the advances in knowledge and preventative measures.
NSI underreporting in this study is around 50%, which is similar to the international range of 33%-70.2% [11, 18, [21] [22] [23] [24] . Our respondents' reasons for not reporting were mainly based on fear and self-assessment of risk, similar to other studies [18, 22, 25, 26] . This consistency of findings despite advances in NSI prevention programs and training, and the development of "no blame" culture in hospitals [27] is concerning. Such high levels of under-reporting prohibit the identification and intervention of underlying NSI risk factors.
Our findings supported other studies' findings that NSI risk is higher among more senior students and those with more sharps-related clinical tasks [7, 14] . We found the dominance of hollow-bore needle injuries, which is known to correspond with students' clinical activities [17, 19] . Clinical teachers may need to increase medical students' training to assess clinical tasks and identify particular NSI risks that they may pose.
We found gaps in students' NSI-related knowledge and practices, from the risks of BBV transmission to sharps handling and NSI follow up, mirroring findings from other studies of NSI in hospital settings [2, 19, 23, 26] . Although there were no significant differences in knowledge and practice between those who did and did not sustain NSI, under-estimation of risks is important due to our finding of students' tendency to self-assess when they sustained NSI e.g. whether a follow up was needed. It is also concerning that needle recapping was reported by 44% respondents despite being prohibited since 2007 [1] . Training programs could markedly improve medical students' knowledge and awareness [2, 6] . However, training impact may be limited by lack of students' involvement [19] , and a long-term evaluation in Singapore [20] demonstrated persistent under-reporting despite reduced NSI incidence which indicates the need for a more comprehensive intervention that includes a shift in organisational culture e.g. NSI stigma reduction.
The low number of students who completed their NSI follow-up prohibited any meaningful quantitative analysis; however their survey responses indicated some room for improvement in follow up procedures. Considering the fear factor behind the high levels of under-reporting, it is imperative to cultivate a positive perception of NSI follow up procedure.
There were significant associations between sustaining NSI in the past 12 months and year of study (more students from higher years having sustained NSI; p = 0.015; p for linear trend = 0.002) and having administered injections (p = 0.002). The distribution of the 25 students with NSI indicated high numbers at Metropolitan Hospital B (10 students) and Rural Hospitals (7); however, the very low number of students with NSI in Metropolitan Hospitals A (4), C (1) and D (3) precluded any assessment of statistical significance. There was no association between sustaining NSI in the past 12 months and assisting in removal or disposal of needles, and attending NSI prevention training in the past 12 months. There was no significant difference (Independent-Samples Kruskal-Wallis Test) in knowledge (p = 0.25), attitude, awareness and practice scores between students who sustained NSI and those who did not.
About half of respondents with NSI (52%) did not report it; 40% always reported and 8% only reported some NSI. Main reasons for not reporting NSI were: uncontaminated device (11 respondents); concern over being judged incompetent (5); considered the risk too low to report (3); fear of being disciplined (2) and fear of dismissal (2) . One respondent considered their NSI to be low risk for bloodborne pathogens because the source patient was "82-year-old, no liver function abnormalities and he was a devout Anglican lol [laugh out loud]".
Only six respondents received post-NSI care. In four cases the student had two repeat blood tests and the source patient also underwent blood test. Most of these six respondents reported to have been seen in a timely manner, supported in their reporting and not being rushed. However, not all received adequate post-NSI information about post-exposure prophylactic treatment (only given in 4 cases); the risk of bloodborne virus infection from their NSI (3); practice modification during window period (3) and counselling service (2) . A respondent reported that since their NSI involved a low risk patient, the staff member "didn't bother explaining further". Another student complained about getting inadequate information about how to take post-exposure prophylaxis and its adverse effects.
Discussion
Despite the broad distribution and reminders, this study had a low response rate of 13.8% which limits the generalisation of its findings. We were unable to compare socio-demographic attributes of responders and non-responders; however, the sample of this study was representative for the years of study and teaching hospitals because these hospitals are comparable for size and patient case-mix. Previous similar studies have achieved higher response rates between 42%-100% [7] [8] [9] [13] [14] [15] [16] [17] [18] [19] [20] . These studies used in-class paper questionnaires administration and collection; however this method was hindered in our study by the students' geographical and departmental distribution. Our use of non-face-to-face 
Conclusion
Australian medical students in this study reported NSI incidence rate of 16.6% which is comparable to other Australian and international studies in the past 2 decades. Gaps were found in students' NSI-related knowledge, awareness and practice. A high level of underreporting needs to be addressed through improved training and NSI reporting process, as well as building a more conducive hospital culture. Improved surveillance of NSI among medical students, and a qualitative exploration of the incidents, would contribute to identify underlying risk factors and tailor educational programs accordingly.
